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SCORE: 94

£
® (py36) fubo@fubodeMacBook-Pro Project 2 - Pacman % python pacman.py
=

B 2. BEAMGR
X SIS R AR B R s, T RAR I, AR RS T BT IS R & mutiAgents.py A
] ReflexAgent 2¢, MinimaxAgent 28f1 AlphaBetaAgent 28, [ #AT0H THE 8 L
K, FRAE A PERETS B F R BIX LERTE pacman.py. utilpy. game.py SCAFHISZEL T
X, HHATHREME, W 3 fis:

A getPacmanositon) Jo-{ EEmEEARIE, (xy) |

H_getGhostPosition) Jo-{ EmmmofiE, £—List |

gotCapsules)_Jo-{ EERMSHIE, (xy) |

—{ stmencxttn_Jol{ getGnostsiates) Jo{ mmmmiis, #—ust |

M getFood) Jo-| sEmmFaoms, B— %M, Barldyl-=True, Nxy/IBEETF |
{ scaredTimer) Jo-{ wimeominmie, EEEATON, WRHMANRIE |

‘ R I -[ manhattanDistance() ]O—{ IREFRMILE (xy1,xy2)) SRR I

getLegalActions(agentindex) Jo-| EEIF—AAMAMMIIR (ORFLIA, 1ZFMR) |
generateSuccessor(agentindex, action) ]O-[ iR [El7Eaction [ LB EIERIIAgameState ]
iR[ElagentsfOi & l

1 I AR TR |

isLose() Jo-| HEzEAREAN | @xxf

—[ MinimaxﬁlAlpha—Betaﬁ'ﬂEf*

getNumAgents()

& 3 IS4
3 Bk Reflex Rk (& D
3.1 B
ReflexAgent e ARE O] LAm sz pa F 1 LT B 51, [RIB I Re it o0 55 Wy R AR .
multiAgent.py SCHFH DAL T —> ReflexAgent FIAEZE, 1R ARBATSGEMTEN T, FAME

U Sk, https://blog.csdn.net/Pericles HAT/article/details/116901139




H  python pacmanpy -p ReflexAgent --frameTime 0 -k 2 -1 openClassic -n 100 -q -g
DirectionalGhost -f 15X HIEE B BE AT 100 AR, 450 (K 4) R, JEHAT o4
-g DirectionalGhost BB A3k i) W R EEBS B J7 PRI, IX/MIA6 R e AR 22 0 X
271, F¥I3538-302.77, —EH#E Loss, ZRIERIJLENY 0!

Average Score: -302.77

Scores: -390.0, -319.0, -232.0, -389.0, -404.0, -326.0, -287.0, -394.0, -315.0, -243.0, -340.0, -394.0, -363.0,
-210.0, -413.0, -396.0, -402.0, -325.0, -246.0, -153.0, -294.6, -290.0, -189.0, -209.0, -395.0, -327.0, -309.08, -255.0,
-198.0, -333.0, -223.0, -223.0, -30.0, -189.0, -345.0, -164.0, -273.0, -332.0, -404.0, -349.0, -343.0, -465.0, -230.0,
-346.0, -369.0, -278.0, -349.0, -410.0, -284.0, -363.0, -248.0, -380.0, -353.0, -387.0, -164.0, -240.0, -315.0, -250.0
, -390.0, -272.0, -396.0, -400.0, -226.0, -235.0, -402.0, -328.0, -341.0, -387.0, -351.8, -322.0, -272.0, -351.0, -142.

0, -420.0, -360.0, -324.0, -227.0, -260.0, -355.0, -369.0, -275.0, -399.0, -429.0, -322.0, -240.0, -10.0, -194.0, -376.

e, -201.0, -297.0, -313.0, -304.0, -256.0, -152.0, -302.0, -295.0, -188.0, -278.0, -348.0, -382.0

Win Rate: 6/100 (0.00)

Record: Loss, Loss, Loss, Loss, Loss, Loss, Loss, Loss, Loss, Loss, Loss, Loss, Loss, Loss, Loss, Loss, Loss, Lo

ss, Loss, Loss, Loss, Loss, Loss, Loss, Loss, Loss, Loss, Loss, Loss, Loss, Loss, Loss, Loss, Loss, Loss, Loss, Loss, L

oss, Loss, Loss, Loss, Loss, Loss, Loss, Loss, Loss, Loss, Loss, Loss, Loss, Loss, Loss, Loss, Loss, Loss, Loss, Loss,

& 4 FIEEE B RTRE R
b, FATEX multiAgent.py X1+ ReflexAgent % Ag A HE 4T ottt . o o W&
ReflexAgent 22451, evaluationFunction 414 A Z 40N 241 GameState I ' —35 Action,
RIEME R Y AT Action 5 FPIRASBITEAME . T getAction BT H HS GameState 4858
JIr A AR B Action S5 FOVPANAEZZH, Ik VPl B SR BIRAS o

1. class ReflexAgent(Agent):
2. def getAction(self,gameState)

3. def evaluationFunction(self, currentGameState, action)

KILRE ReflexAgents FRINA F B2 H1 1) evaluationFunction PR, T W ikiz & A
T 38 T W R )[R SE R iz 3 57, &2 evaluationFunction PR L1 B 08 . 7870 I H
pcaman.py 1) GameState Z5H ¥ pR AN util.py ) manhattanDistance PREUE, FATETFAS
B4 evaluationFunction Wit RN T =FEEEHATIFA, 20 EREANEFRER. 17
SAMBREES . 22 NFRERBER, 72 R e B S RHE A (0 2 R yiEe B
BB, SR 5K X = AN BB AT A AR A B0 VP Ak B, X BLE R a0 ] 1 B IX =AM EE S A
B, RN R ECE R, 2
3.2 AL

(1) ZEANNEFRIER

L ] newFood —4E%U4H, 1HEFE 5 FTA ST 1 FE B R EUEIS R InE R+
FUMBERE w[0], 1EHAI BRIy XRENZ G N RRR AR R B &1 B0l i 77 Al |l
o, B THHMR, a7 RCE.

1 #MZG NG TREE (/2R E mdis)

2. FoodDis=0

3. for x in range(newFood.width): #if J); 2440

4. for y in range(newFood.height):

5 if newFood[x][y]:

6 FoodDis += w[0]*(1/manhattanDistance(newPos, [X,y]))

(2) MZE AATRR BB
PN R Bl REEILNS, W EAA 23225, Fr ATC 6% IR EE B e G NIz B i
R, UK REE | — 2 E BTSRRI B R Vi alpha, P9 B &

2 Bk, https://blog.csdn.net/weixin_34138521/article/details/94193368




/NT Alpha B, PFAl BR BOA T 064 R B A7 AE 5 S VP A E R BN . T ek )
newGhostPos #1 newScaredTimes, i1/ manhattanDistance B&# it B HT07 E 514 R 1
SISTTEE B mdis. S8 HRYE I AL E AT LA N AR =P

A R AL T RBABRTS I, ROz NS ) iz R, s 4174l ek 2o -
w[1]*(1/mdis);

B: Y R AT IEFARE H 2302 G CHOIRAS I 2 05 10 5 /£ X H] [1,alpha] A I, A2
ANTFRER R B R, R4 VPl A0S w2]*(1/mdis);

C: Yy R IEBE G AFREN 0 1, ZALnz G AAZERIIX ML E, BT LA PEAL R
HORE—MEREME (eg:100000), PAFEAKIZ G ANz B R .

1 WZ G NAd R EE RS (172 PGEE B9 mdis)

2 GhostDis =0

3 for ghosts,scareTimes in zip(newGhostPos, newScaredTimes):
4 mdis = manhattanDistance(newPos, ghosts)

5. if scareTimes > 0: # ZL RS

6 GhostDis += w[1]*(1/mdis)

7 elif 0 < mdis and mdis < alpha: # [ R4S

8 GhostDis -= w[2]*(1/mdis)

9 elif mdis==0: # N DA MAR

10. GhostDis -= 100000

(3) O NMBRERIFEES

3 g BT A R BE )47 B CapsulesPos, BRI THE H R 517 5N 1) 2 15 175 B mdis,
IRG 53 NP AR DL

A: Y mdis > 0 B, FERSWZI AR KRENR, FILFENESME
w[3]*(1/mdis);

B: 4 mdis = 0 i, WG AROZEIELEZKEE, FrUlEnE o mE—MERKE
(eg:100000), LAHfTRIZ & NBHATIZ IR FEIX — D IR

1 W7 GNARFERBE RS (1/2 MR 25 mdis)
2 Capsuleles =0

3. for capsules in CapsulesPos:

4 mdis = manhattanDistance(newPos, capsules)
5. if mdis > 0: #/s &2z

6 CapsulesDis += w[3]*(1/mdis)

7 elif mdis == 0: # NP r e 2IRE

8 CapsulesDis += 100000

(4) SHRE

TE it Reflex FAEAA T FE A, S 0T ANEE I — L E 7 10N FRAE AL &
wwwumMmmu&#4§ﬁAmmpﬁﬁn,@%ﬁmﬁmﬁﬁ%ﬁ%ﬁﬁ@ﬁ%%
T — N ERE



e A b SR, R I I R A A )R iz SN TR ) A RS 2 AN K, B
Gnanasekaran, A,2017° 91, HiEitJE@OHT (Ablation Analysis, H[JiZ5 2cpi S MUSAE, 43
T34 0 FERIER) B AT AR (LK 5), fEk MR — 2 rEn T, e NEEE TR
SRCRLIER B | PR T IELIRAS 1 1l SR I B 2 R 0 S 1) B B KVl R~ 514570 PR 5 i 2 e K (A
REPIXREEE S, PSS TR Z). [, WHRN TR, 128 NEEE IEH R
A i R P ER B AL 7 R

Table I: Ablation Analysis

Component Avg. Score  Win Rate
Overall System 1608 92%

min. distance scared ghost 1581 90.2%
inv. min. distance active ghost 1583 91.6%
min. distance active ghost 1594 91.8%
min. distance capsule 1591 90.2%

no. scared ghosts 2 steps away 1545 92.2%

no. scared ghosts 1 step away 1438 91.2%
distance to closest food 1397 90%

5 25N W BESTHHERIEBIZHT (Gnanasekaran, A,2017)

AT SCERIE B A, NSRS, &5 TR SBR[ AT
REME, Sk w2l 2 i KECE, #5, BRI R A E RGBT T E, Btk
WA wl1]28 — RRIARCE, 0T S AR, SEIz R i &, Bl E S =K
B 5 F wl0], Alpha {E A F U6 Pk R FIPE B AR T 1~10 J5iE#E T s tEm 4. Zid 2R
S SESS, R B AR AN S T

£ 1 EEHMENENSHR

RENEKSH X BABE
w[0] AT A R ) &N 2
wll1] HZ RV PEUIR A 1 1 R A 6
w[2] SPRE 1E IR AS 1 i R AL R 10
w([3] e I 2 PR A 0.5
Alpha T LTk it vl R ) B R 4

3.3&RER
1§ i 24T python pacman.py -p ReflexAgent -1 openClassic -n 50 -q #H47IIR, ZE&HFE
TEMEEE, SPEET 1263.14, T HIRPERRZ 100%, VB TEN B E0R T BB AR !

The time consumed is: 13.7914810180866406 s

Average Score: 1263.14

Scores: 1429.0, 1228.8, 1228.8, 1217.8, 1223.0, 1230.8, 1225.8, 1407.8, 1416.08, 1234.0, 1222.8, 1208.8, 1207.8, 1235.0, 1213.@, 1235.8, 1218.8,
1230.0, 1231.8, 1197.8, 1419.8, 1421.8, 1253.0, 1198.8, 1229.8, 1235.8, 1233.0, 1208.0, 1407.8, 1213.8, 1227.8, 1421.0, 1227.8, 1177.8, 1421.8, 1228.

0, 1175.8., 1224.8, 1404.0, 1213.0, 1484.0, 1206.8, 1233.6, 1210.8, 1225.0, 1218.8, 1425.8, 1234.8, 1213.8, 1231.0
Win Rate: 50/50 (1.08)
Record: Win, Win, Win, Win, Win, Win, Win, Win, Win, Win, Win, Win, Win, Win, Win, Win, Win, Win, Win, Win, Win, Win, Win, Win, Win, Win, Win,

Win, Win, Win, Win, Win, Win, Win, Win, Win, Win, Win, Win, Win, Win, Win, Win, Win, Win, Win, Win, Win, Win, Win

&l 6 ReflexAgent MRZE R
4 Minimax &EeA& (& 2)
4.1 Bk E g
Pz S NGER A, 2B NRIALE IR E AFshE, 8iE s HEOE R Reflex £ HE
IR, BLAERRAT T kA Minimax SR MAK 2 IE AN S HLESRATR B,

3 Gnanasekaran, A., Faba, J. F., & An, J. (2017). Reinforcement Learning in Pacman. See nalso URL http.//cs229.
stanford. edu/proj2017/final-reports/5241109. pdf.
4 https://blog.csdn.net/weixin_44662636/article/details/120340824




WAL LT R R SRR, thishlde R, PIE TR AEgE (H—J7 AR
T D —ITHIRO, Frelar BLEH] Minimax SE3RBIBRUPER.

REVBRR R E QRS SrMES —DixX iR, EASEIG Tttt B kg
SARREE, BMOBREIREE . Minimax SkRRARBS QT Fras, LB TRE T 8977 X3
&, VBERLR77 AT BRI R LR N RPIRES .

1. #minimax RS

2. def max-value(state):

3. initialize v = -0

4. for each successor of state:

5. v = max(v,min-value(successor))

6. return v

7. def min-value(state):

8. initialize v = +oo

9. for each successor of state:

10. v = min(v,max-value(successor))

I1. return v

12.

13. #minimax 11581805

14. def value(state):

15. if the state is a terminal state: return the state's utility
16. if the next agent is MAX: return max-value(state)
17. if the next agent is MIN: return min-value(state)

Ef Minimax 2 RERRENN ZANMAR, EXNHRZHAT RN, EHEEF ) max 2
(maxLevel,"z & N)F1Z /™ min JZ(minLevel, K4R), > min JEXN—MHIR . X EAEH R
A PR 7, DA i R 9«

A: RGP B R i R S, /£l R R SR PR RS, ) ok
=] PPN 7345

B: KX MR SHBABE, ELPEfE , H— R 2 W AR 1) min J2
A /ME, BB AR 2 W2 GNP max EIE A /ME . sREIE VA TR R B R
agentIndex 24 : iz T A\ 1 F 52 /)> agentIndex ] R , /> agentIndex f¥J 4 R H K agentIndex
Hda R , 1K agentIndex IR FAHIZE N, BIF—MERER max E.

AEER T B AT
4.2 BRI
(1) maxLevel

max ZHTHZE AN (24 agentlndex 7 0 B RRIZT ARIFES, X Max 2455 4
agentIndex>0 I Fx i R (IF£ 5], X R Min JE45 50, £ maxLevel eR S HO9TENORA
HAIREE . maxLevel R EURFEAIZ AU

# 2: maxLevel JRfEER

BB BIE

1 VA R, SEHTARE currDepth, W25 N 4ATIRE+1;

5 Bk, https://blog.csdn.net/weixin_ 3413852 1/article/details/94193368




2 FIW U HT RS R SIE R TR, BRI A GRME, 12 & N R TR A 2114
EREE, FEHIEHE maxvalue AL

3 H actions 1K GVERIFE D), PR S ATFAR ST E AR B A UG d0IRAE, AL
—MNERIRA, maxvalue 52K H G 40IRARD mini JZ FMERMBOUHEL,  HURRE

4 5 ik A% 2 ) maxvalueo

#max EUHTZE N, 1Z2HE A1 agentindex =0
def maxLevel(gameState, depth): # & NJFIRZS, RE
currDepth = depth + 1 # 1z 50 A Y HITARE+1
# FIBT YRR R IR H] 7 1A
if gameState.isWin() or gameState.isLose() or currDepth == self.depth:
return self.evaluationFunction(gameState)
maxvalue = -999999 # #J4fi1k maxvalue N1 JE 75
actions = gameState.getLegal Actions(0) # actions 1.5 512 152 4]
# R F% h ok AR s dRIRAS

for action in actions:

‘O NeolSIN N B B O oy —

—_—
_ O

successor = gameState.generateSuccessor(0, action)
# F maxvalue 5 min JZ 03, B KME
maxvalue = max(maxvalue, minLevel(successor, currDepth, 1))

14, return maxvalue # {£1%)Z T2 HAKMEL ST E—)Z

—_ =
W N

(2) minLevel
minLevel ZXTHAR T F 1, & ANRSEONIENORE, IREER agentIndex. JitfE[A
maxLevel A2, AFEALZ, WRRE 1 MR, HERBUSLE Action FHFEFIHK T
(i /MERT, Hooe M Max 2 U PP E B /D IRAS T /G A 2 MR, 22
N2 AR EERIEZ, 51 N RSN AN R [ Min 23 BME, 52 MR £
MIZF N max 2% H Bt /MA . minLevel B B&BOR AR M OARRL U0 R firos
% 3: minLevel JRfE%E

B Bk
1 #1464k minvalue JNIETEST, SRJAFIWT 2 HRIRE R B A TRsiE f IR, ko2 N
H

SRELH R I A5EAT SN, fE N agentindex, AR K R IR B0 2E BUHT K 5 4IRS s

MR PR A R )2 agentIndex KA, W E &G — AR, K, minvalue 5K H
max =B, BORAME: WRAR G — MR, W5 — min FHO
bt, HUOH i/ MA:

4 HJ5, 1Z[A] minvalue.

1. #min 22X THART F K, SHONIERIRE, KB, agentlndex

2. def minLevel(gameState, depth, agentIndex):

3. minvalue = 999999 # ¥]4fift minvalue 1475

4. if gameState.isWin() or gameState.isLose(): # bl # 5 1 wtiE
5. return self.evaluationFunction(gameState)

6. # R HPRS S LRI 5D

7. actions = gameState.getLegal Actions(agentIndex)

8. for action in actions:



9.

10.
11.
12.
13.
14.
15.
16.

# FRAE RS 20 A OB 0 J5 4R IR A
successor = gameState.generateSuccessor(agentIndex, action)
# AR HE ey R N2, 23 min JZ 195 /ME minvalue
if agentIndex == (gameState.getNumAgents() - 1):#iz Ji5 — >4 2
minvalue = min(minvalue, maxLevel(successor, depth))
else: #Af f5 — Ml R
minvalue = min(minvalue, minLevel(successor, depth, agentIndex + 1))

return minvalue

(3) getAction BR%

Wit 4F maxLevel Ml minLevel 5, &7 EHATHEI. B VIR currentScore Al
returnAction, FFIREUIZ &N BTIRASHIEVEAT A0 285 1 A FRES R 7, AWrA: s 4RIRE
KN R —Z& min 2, FrUA DEIEAETRX—BERLE min ERRE R GREHRN 0O, A5
PR ARSI B KHE, RN SR A SR 7710, e iR 0] 2 fe A 0 B sl B 7 1) o

1. currentScore = -999999 # /] 41k,

2 returnAction ="

3 # Rz G N EVE AT B)

4 actions = gameState.getLegal Actions(0)

5. for action in actions:

6 nextState = gameState.generateSuccessor(0, action)

7 # T HE—Z2 min 2, A DHESFTX —ZE1E min Z RS S

8 score = minLevel(nextState, 0, 1)

9 # PR AR T B KERE S

10. if score > currentScore:

1. returnAction = action

12. currentScore = score

13. return returnAction # iR [A] 5 =145 7 5 30 1) 75 W)
4.3 R

(1) 487 H AR IEAT I )
T A AT SRR A EETEY . JAE pacman.py HHIEIN T B AT ] (1 1CAD,
FELRE N W A TEAE runGames B ECHIMNALE, AT BASEIL 1.

1
2
3.
4

5.

import time

start = time.time()

end = time.time()

print("The time consumed is: " + str(end - start) + " s") #Hz/TH[H] (F2)

(2) EFE R A3

EFRIBATHEAR G, 7T LA SH-k (Q)RIEFMR M. k=1, RHE MR, iE
H]°8 python pacman.py -p MinimaxAgent -a depth=1 -k 1; 4% AW RS, 1BHR]N python
pacman.py -p MinimaxAgent -a depth=1 -k 2, LRI 7> 500 Ai7w o



° CS188 Pacman ° €s188 Pacman

SCORE: 27

&7 EASH-k REMRIMH (K: k=1, A: k=2)
(3) Minimax E4&JA,
£ minimaxClassic 75 B FIVIAIRA T, Minimax BHIRE N 1. 2. 3. 4 BI45 8
{789+ 8. 7 -492, RAEVREEAN 4 #) Minimax A A T &5 S A 2, (HACSZLS minimax 2
BEAIA N HEZ N 64%, 11654 N python pacman.py -p MinimaxAgent -1 minimaxClassic
-a depth=4 --frameTime 0 -n 100 -q

The time consumed is: 89.56443985838383 s

Average Score: 152.32

Scores: 516.0, 516.8, 513.8, 516.8, 516.0, 516.8, 516.8, -492.8, -495.8, 513.8, -492.8, -495.8, 516.8, -495.8, 516.0, -492.

B, 516.8, 516.8, -495.8, -492.8, 516.8, -494.8, -492.8, -492.8, 513.8, 516.8, -492.8, -492.8, -492.8, 516.8, 514.8, 516.8, 516.0,

516.8, 516.8, -495.8, 516.0, 516.8, -495.8, 516.8, 516.0, 516.8, 514.0, 516.8, -495.8, 516.8, 516.08, 516.8, -492.8, -496.08, -492.0

, -496.08, 516.8, 516.8, -492.0, 516.0, 516.8, 516.8, 516.8, -492.0, 516.8, 516.8, 514.8, -495.0, 516.8, 516.8, -495.0, -492.8, -49

4.8, 514.0, 516.8, 516.0, 516.8, -492.08, -495.0, -492.8, 513.8, 516.8, 516.08, -495.8, 516.8, 516.8, -494.8, -492.8, 513.8, 516.0,

516.8, 516.8, 516.8, -492.0, 516.8, 514.8, -495.8, 516.0, -492.0, 516.8, 513.8, 516.08, 514.8, 516.0

Win Rate: 64/188 (B8.64)

Record: Win, Win, Win, Win, Win, Win, Win, Loss, Loss, Win, Loss, Loss, Win, Loss, Win, Loss, Win, Win, Loss, Loss, Win, Lo
; ss, Loss, Loss, Win, Win, Loss, Loss, Loss, Win, Win, Win, Win, Win, Win, Loss, Win, Win, Loss, Win, Win, Win, Win, Win, Loss, Win
= , Win, Win, Loss, Loss, Loss, Loss, Win, Win, Loss, Win, Win, Win, Win, Loss, Win, Win, Win, Loss, Win, Win, Loss, Loss, Loss, Win

, Win, Win, Win, Loss, Loss, Loss, Win, Win, Win, Loss, Win, Win, Loss, Loss, Win, Win, Win, Win, Win, Loss, Win, Win, Loss, Win,
g Loss, Win, Win, Win, Win, Win

(py36) fubo@fubodeMacBook-Pro Project 2 - Pacman % D

B 8 Minimax BAIHIRER (HZA 64%)
(4> Minimax ZEEK FIVERR 2 18] 0 1) i) R

7 0penC1ass1c FNERIN ) mediumClassic BB REIPFRRZER S, 12 G NRMEFET:, [Ff
IRAMERL I, HHEAE—NXIAEIRE L. @iddn4 python pacman.py -p MinimaxAgent -1
openClassic {)”Jﬁ EWNE 9 fis, 2B NEBRM EFEEARS T, AL TF—1NEF T,
MHBYRERE NG TR, 20 NS % FERRE L, (HAZIA A, HEEE
H%D4Af%wﬁ%%WT NEEZH TN RZFEBAE. LA, 125
MNAEAE 5 EAE G ORI 5 DL T 4 = B & T RS 25 B HEA

[ J C€s188 Pacman

SCORE: 121

A& 9 Minimax ZEEUK BIWERR 2 18] F KYELEARZ) T
(5) WEEAMTIER, InEFET
{EER M)A, FE trappedClassic T, 407 Akﬁfjﬁlﬁﬁxﬁfﬁ%%%ﬁﬁ, )
minimax 8%, REHEPREEEANT 0, (HIZG NS — MR KV E, R
S ) W R NTEFETS, GE53RWERR, 1% /2 RN A BT R e 4R 84 43 (%/DTJ: python pacman.py
-p MinimaxAgent -1 trappedClassic -a depth=3) Fi— FXTEL, RILUWHZ ReflexAgent, &



ST T, BRI, GEA): python pacman.py -p ReflexAgent -1 trappedClassic)

o CS188 Pacman o CS188 Pacman

SCORE: -501

& 10 MinimaxAgent (7£) F1 ReflexAgent () FELILTEEEHIEHL T HIXTH
(6) BIERES T
Bribz #h, HT minimax BEMR EIEREER 06" ) UL ZEREREIZES O(bm),
HEWRZMEER, RSB E AT, M GEITRIRAE, LLER]: python pacman.py
-p MinimaxAgent -k 2 -a depth=4 9%, ZBATHREEIX 55.27 . HHIRATFEZSI Alpha-
Beta BIB: SRH& .

(py36) fubo@fubodeMacBook-Pro Project 2 - Pacman % python pacman.py -p MinimaxAgent -k 2 -a depth=4 -q
Pacman died! Score: 82
The time consumed is: 55.27156718624695 s

Average Score: 82.0
Scores: 82.0
Win Rate: 8/1 (e.ee)
Record: Loss

&l 11 MinimaxAgent L2178 2461
5 Alpha-Beta Byt; (B& 3)
5.1 BfAERK

£ Minimax 594, F—H2REELF ERABERMEZBIR, 1X 2K KH I &2E R
(B ST F, AT LA 228 Alpha-Beta BYF SR IEAT G - Alpha-Beta 8Y 17 /& 7E Minimax 5
RS T BB, BIFE max B B EIHE T REa(RETRPERIISE KT,
£ min B EREE ERER (KR FTREPERIR D D).

BRTHFa: FAMAX T, BETEH MIN 3556 NA, 48— MIN 5 5 9P
BNl WX TS HET A, WA & T af A, BH Y SUEAE N MAX 1 AU
B A0, % S EIPEAEE A a e BT RA 2RI T AR L ade NI i, XA ROR A ek
AL IR R T .

B/NEFB: 1EN MIN 154, BUEER MAX 15 5A NN, 45— MAX 15 58 A PRAS
BB, TIPET i T A 45 R, WA T B R A, BUHEAR 1 s AEAE A MIN 15 s AE
I, A% RVPASAE B o BT LA 24 R I T RUAE LG B3 R AR B i, X AN 19 st BRAR B gk T

PMFIEER T .

MIN B=a (B8) pral C)(p<a (D)

MIN

A
MAX a=g | B a<p| € |[[a=B| D



&l 12 Alpha-Beta B HBORE ES

5.2 BRI

K15 Sk ES Minimax —2, &7 HEANZEaMB, 7R TRED R 5K T 7
/N S, BATEEAE SN maxLevel BRI minLevel A%, [R] B I0_E—AN W5
A, FIW T BRI 2 S R T X BAS AT I MI a2 /N Tra, 00 R oA, I B R (R
2S5 AN R AR, EE Bra LA KB B, AR JE IR [F1i%4534) - /£ max |2, W maxvalue>
B, SUEAE M TRERMMLEE T, AT LB R Al maxvalue; 7F min J2H, 1L minvalue< a,
WA AT BN 7, BB [Fl minvalue. AZ ORISR 13, 14 fiR:

maxLevel(gameState, depth, alpha, beta):
currDepth = depth +

gameState.isWin() gameState.isLose() currDepth == self.depth:

self.evaluationFunction(gameState)
maxvalue = -
actions = gameState.getlLegalActions(0)

alphal = alpha
action actions:
successor = gameState.generateSuccessor( action)
maxvalue = max(maxvalue, minLevel(successor, currDepth alphal, beta))
maxvalue > beta:

maxvalue

alphal = max(alphal, maxvalue)
maxvalue_#

13 Alpha-Beta Y7 maxLevel BESI

minLevel(gameState, depth, agentIndex, alpha, beta):

minvalue =
gameState.isWin() gameState.isLose():
self.evaluationFunction(gameState)
actions = gameState.getLegalActions(agentIndex)
betal = beta
action actions:
successor = gameState.generateSuccessor(agentIndex, action)
agentIndex == (gameState.getNumAgents() - 1):
minvalue = (minvalue, maxLevel(successor, depth, alpha, betal))
minvalue < alpha:
minvalue
betal = min(betal, minvalue)

minvalue = min(minvalue, minLevel(successor, depth, agentIndex + alpha, betal))
minvalue < alpha: #g/ Mgz vFaleh:
minvalue
betal = min(betal, minvalue)
minvalue

& 14 Alpha-Beta BJf; minLevel BZ(SLEL
H getAction BRZER Minimax 1] getAction BR U IME—ARFHLZIE I T alpha 1 beta
XPNEE, alpha Fl beta IHTAGIE 73 0 A RITCF AIETTT, LA 5 2L 5 HEAR.

6 £, https://developer.aliyun.com/article/49996




actions = gameState.getlLegalActions(0)

currentScore = -
returnAction =
alpha = -
beta =
action actions:
nextState = gameState.generateSuccessor( action)
score = minLevel(nextState alpha, beta)
score > currentScore:
returnAction = action

score > beta:
returnAction
alpha = max(alpha, score)

returnAction
Bl 15 getAction BRESLEL

5.3 GRER

SIS T MR “1E smallClassic i J5 RN 3 MR EARTE LR, BIRUR R IR#E S 1
IBATFES AT JLRPBP 7. FRATHE T k¥4 73 7ifEF AlphaBetaAgent 1 MinimaxAgent 7E
smallClassic H & FEREZHI8 2 1 3 FIFR AT 10 KiE1T, LLURIFE AlphaBetaAgent 72
A ©ERT
(1) AlphaBetaAgent, depth=3 A%ty % python pacman.py -p AlphaBetaAgent -a depth=3 -1

smallClassic -q -k 1 -n 10, F¥EB N 83.52s CHLIRHfASEANE T JLAPEID
The time consumed is{ 83.66539896832275 s
Average Score: 779.3
Scores: 410.8, 131.0, 537.0, 699.0, 1231.0, 884.0, 1096.0, 1249.8, 943.8, 613.0

Win Rate: 10/10 (1.00)
Record: Win, Win, Win, Win, Win, Win, Win, Win, Win, Win

16 Alpha-Beta WRRE R (depth=3)
(2) AlphaBetaAgent, depth=2: FEHt 9.65s:

The time consumed is: 9.651278018951416 s

Average Score: -105.4

Scores: -480.0, -138.0, -396.0, -276.0, -184.0, -456.0, -72.0, 710.0, 454.0, -216.0
Win Rate: 2/10 (0.20)

Record: Loss, Loss, Loss, Loss, Loss, Loss, Loss, Win, Win, Loss

17 Alpha-Beta RE R (depth=2)
(3) MinimaxAgent, depth=3: F&H} 113.29s:

The time consumed is: 113.2893340587616 s

Average Score: 729.8

Scores: 887.0, -59.0, 398.0, 1089.0, 253.0, 978.0, 1246.0, 597.0, 984.0, 925.0
Win Rate: 10/10 (1.00)

Record: Win, Win, Win, Win, Win, Win, Win, Win, Win, Win

18 MinimaxAgent WAL R (depth=3)
(4) MinimaxAgent, depth=2: ¥R} 13.61s

The time consumed is: 13.610228776931763 s
Average Score: -205.9

Scores: -540.0, -138.0, 792.0, -238.0, -459.0, -444.0, -158.0, -158.0, -464.0, -252.0
Win Rate: 2/10 (0.20)
Record: Loss, Loss, Win, Loss, Win, Loss, Loss, Loss, Loss, Loss

19 MinimaxAgent WHRE R (depth=2)
¥ iR 4 AR R B 5 B3R x, WTLLE G 2I/E Alpha-Beta BYFBE T, BIER
ZA T ARBGER Minimax K X#®RF, THEREN 2 # 3 B RN RHEREENELT .
2 4 AlphaBetaAgent F1 MinimaxAgent SEHF#ERT X b




Type Depth=2 Depth=3
MinimaxAgent 13.61s 113.29s
AlphaBetaAgent 9.65s 83.66s

{ESEEGF WA . “ W VFREE A 3 7 Alpha-Beta # #1725 BRIRE N 2 B Minimax
MR NSRBI 85 R BN PFERFIRKRRIZERE (7E n=10 FI5HL T, 42 83.66s Hl 13.61s
MZERD FABX RGN, Bz R AT — IR BRGE, | MlnlmaXAgent WIltF iz 47 I

[EJAHXT 018, 1 AlphaBetaAgent iz 1T I [AIAHX ARG 0L T A = kA . & 2 RS8R )5E,
WAHSLIGUE TIXMEAE, B 20 iTRLE R, 1E n=1 FITEOLT, MlmmaxAgent, depth=2 ¥
I} 4.56s, T AlphaBetaAgent, depth=3 ¥EI} 5.26s,/i52 C A —HR T .

(py36) fubo@fubodeMacBook-Pro Project 2 - Pacman % python pacman.py -p MinimaxAgent -a depth=2 -1 smallClassic -k 1 -q
Pacman emerges victorious! Score: -184

The time consumed is: 4.561141014099121 s

Average Score: -184.0

Scores: -184.0

Win Rate: 1/1 (1.08)

Record: Win

(py36) fubo@fubodeMacBook-Pro Project 2 - Pacman % python pacman.py -p AlphaBetaAgent -a depth=3 -1 smallClassic -k 1 -q
Pacman emerges victorious! Score: 674

The time consumed is: 5.262430906295776 s

Average Score: 674.0

Scores: 674.0

Win Rate: 1/1 (1.00)

Record: Win

20 MinimaxAgent depth=2 7 AlphaBetaAgent depth=3 JR&E R
6 PEUTERH (R 4)

3 SR R TE N ERTEY BB R Y Alpha-Beta & ARMNRSE 3L, W LUE B A4S
I HERECEUIS, DR, AT DR R

58 1 KRB F 2 (Reflex BREARTEN 12 N —H473)), X388 1) PP 2R £
FIPPY LBTIRZS, X5 T Alpha-Beta 5§18 o417 5, 34117522 B R L0 49 sk A7 vPN 13 47
DUME BT T s 8d R o AT AR ek E, B AR 1 VP R4, BIZRE %18 T
RS T2 A A EFRIER. AIAFRES TR IR . DULAREREER .

ARSI T, betterEvaluationFunction() BREUER A 1 FIVPAS pRECE AR —FERT. H 2
EIBATH, 7524 AlphaBetaAgent 27 return self.evaluationFunction(gameState) 15 H) 3K,
fITH Qe SCHIPEAS B 2L return better(gameState)

B R oRBATHAT I, @iL w4 python pacman.py -p AlphaBetaAgent -a depth=2 -1
smallClassic -q -n 10 1817, SRMWTFE 21 i, fERER 2 MSECT, 1817 10 IRFH5
53R 1217.1, ZREERF 100%, BIFTHEAE! U TERARBESE T G510 S5t
B ANFPIRAS v R 1) 2 i e B DA S IR B 2 W R B 5 FRAT TR PEA eR BSOR AR A 20 o ()
FRZE, B 17 Fs, A5 N E R85 81054, RIEEA 20%)

The time consumed is: 17.32657527923584 s
Average Score: 1217.1
Scores: 1321.8, 1331.8, 1353.8, 692.8, 1840.8, 1360.8, 1418.8, 1554.8, 966.0, 1136.0

Win Rate: 18/18 (1.08)
Record: Win, Win, Win, Win, Win, Win, Win, Win, Win, Win

&l 21 BEIT REUR ISR R E

. SEREiREEks

1 ARSI RAE—> Python TRER G, [EIL 75 E A A SR A B R oA 2
P, X R BB S B BRI SE R i ARSI I TR B+ Tolk, BRI



SRR IX A 2 U IBITHIRER, H H BRI 34 SO AR R 2R A Rl 7 iR, it e
T ARSI BRI RE Ty, WA ) BT R AR — AN AR, AN S k.

2. ARRSEE AR —w Bk, MY T B 2 BTSEIR AT T R gm AR, E T B AR
SR FE IR N . BAR AR b e s i oe T, (B A B B IR 2 ), B2
B TIRZHEL, B TIRZHEH AR Z J5 A4 BRI LR . WP e, 87—
JE IR, T i LA -

3. ARSI AR A AR, ST 1) 50 R A2 A B B A T Y P
B, AN S NSRRI R, MU B TIRZ FR MR AR VG, T LSSz 2 7 A
SR Z AR — (S T8 B B AN FE SR [ B B T S S AN DR Id 2 EE A Y
TEE C#— b LB ERL, BRARFUEE W, &5 A RIE B O EAR 2 e R

4, RIRUL, B AR, FS TR TE, Minimax BER LI
Alpha-Beta BYAHISEHL, DA LA A T 1 AF 1 120 Bt in) @R K e R 7025 X T 1P Al R £
Pt S, e SR H] 100%, LLACT3515 5038 =3 1263 4. Minimax 2 REARY
WEZ N 64% /A7, ALK Alpha-Beta BT SIS & T SZI6 R .

Fi. BEE

BT AL SRR — R T A R ?
(1) WHERIEE . IR AR 2L, 52 O ME R R S . X Tz G N
AT A B ARy Ml R, Blin A58 LIRE Tl Koy 4 19155
FENBIXS R BRSO T, T BIA HohiR s AT L .
(2) WEBZERM. AL IR F IR RE, AT CLE I 8 — X e 8 RE L
(B HEAT 51 XURS R TR
(3) FIHZ&RE. TUHHZEER, EFREZANERE N IHTIHE, R,
(4) WREREH. EERZHOFABBOGBES, JCHIE R KK Az 5%,
S IR, AL RERR S IRE T FEALPEREREAT 1 .
(5) EHEBEHR. NG ELER O ZOIREE S, NIRRT
—IRRIE LA A IR AR
(6) BERABR. @M@ ERHRE B AL ET, RUTEHRE, &
RIVEAPIRSAAAET BT, W ERIZEIR ST T — . g BN RS N 5
PO AAE SR A LR RS, REEEE R KR E, TR SN B LR
REEEHATE ).
(7) B¥A. AT HIE AT EBRER, £8K AURPRHEEATRER, 285 FHAE T T
W, KRBV FERM AT, AREI0 T iZR, ATTEE] 2 ST R .



